(S) 



J 



EuropSlsches Patentamt 
Europearuflfent Office 
Office eu^Ren des brevets 



© Publication number 



0 271 878 

A2 



® 



EUROPEAN PATENT APPLICATION 



® Application numbsn 87118S81.S 
(§) Date of filing: 15.12.87 



® lntCI.<':G01D5/12 



® Priority: 16.12.86 JP 193294/86 U 


® Applicant KAYABA KOGYO KABUSHIKI 


16.1Z86 JP 193295/86 U 


iCAISHA 


16.12.86 JP 193296/86 U 


Sekai Boeld Center BIda. 4«1 2«chome 


® Date of publication of application: 


|4omAmafe|ia/«Hn Minnfwkii . 


Tolcyo(JP) 


22.06.88 Bulletin 88/25 




0 Designated Contracting States: 


@ Inventor, Nomura, Shinnya 


155M25, Sugekari 


DE GB 


Kani-shi, Glfu(JP) 




Inventor Toyoda, Toshiro 




13, Kouyoudal 4-chome 




Kanl-shI, Qlfu(JP) 




Inventor Ikenoya, Kazuhisa 




2-9«402t MInamigaoka 2-chome 




Hatano-shI, Kanagawa(JP) 




0 Representative: PatentanwSlte Grtinecker, 




Kinkeldey, StockmaIr & Partner 




Maximillanstrasse 58 




D-8000 MUnchen 22(DE) 



0 Stroke sensor for a fluid-power cylinder. 



0 A method for easy and accurate positioning of a 
magnetic sensor in a fluid-power cylinder facing a 
magnetic scale on ttie lateral surface of a piston rod, 
wherein tiie sensor is supported by a hole in the 
cylinder, a piece of friction-resistant, non-magnetic 
material attached to tiie sensor projects from its 
detection surface towards the piston rod, and tiie 
non-magnetic material is made to keep in touch witii 

Nthe lateral surface of tiie moving piston rod by a 

^pressure-applying means. 

00 The friction-resistant, non-magnetic material is 

fS either fitted to tiie magnetic detection surface, or is 

OOfonmed into a tubular shape and fitted to tiie outer 

^circumference of the sensor 
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Background of the Invention 



lOKE SENSOR FOR A FLUID-POWER GYUND^^ 

Summary of the Invention 



This invention concerns a magnetic stroke sen- 
sor installed in a fluid-power cylinder which detects 
the stroke position of the piston rod by reading a 
magnetic scale embodied in it 

Ruid-power cylinders already exist wherein a 
piston rod is driven back and forth by means of the 
pressure of a fluid supplied to the cylinder, and a 
stroke sensor is fitted in order to detect the posi- 
tion of displacement of the rod. This system may 
take the form of, for example, a magnetic sensor 
consisting of a magnetic resistance element in the 
cylinder which reads a moving' magnetic scale em- 
bedded at a given pitch on the lateral surface of 
the rod. 

The magnetic sensor is seated in a fixing hole 
in the cylinder wall, with the magnetic detection 
surface facing the magnetic scale at a very small 
distance away. When the piston rod moves with 
respect to the cylinder, the magnetic flux changes 
every time the magnetic element forming the scale 
passes in front of the sensor, and the sensor out- 
puts an alternating waveform of which one cycle 
corresponds to one passage of the magnetic ele- 
ment These wave cycles can then be converted to 
pulses by a comparator, of which the displacement 
of the piston rod can be found by counting. 

If however the distance between the magnetic 
scale and magnetic detection surface of the sensor 
facing it changes, the amplitude of the sensor 
output or its median value will change. In order to 
obtain a stable output, therefore, it is necessary to 
control the gap between the sensor surface and the 
scale very accurately. 

Normally, when the magnetic sensor is fitted to 
the cylinder, a fixing hole is formed in the cylinder 
wall by a drill or other tool, and the sensor is 
positioned by bringing a stepped area previously 
shaped on Its rear end into contact with a stepped 
area formed inside the hole. 

The distance between the sensor and the scale 
is then directly affected by the depth of the 
stepped area introduced by drilling. In comparison 
to controlling the cylinder wall thickness and the 
dimensions of the magnetic sensor, however, it is 
not so easy to control the depth of the stepped 
area accurately. This leads either to increased in- 
stallation cost of the stroke sensor, or to a de- 
crease in its precision of detection and reliability. 



One objective of this invention is therefore to 
provide easy and reliable positioning of the mag- 

5 netic sensor with respect to the magnetic scale. 

Another objective of this invention is to ensure 
that the displacement of the sensor can follow the 
scale even when the piston rod is buckled due to 
load variations, and that its distance from the scale 

10 is always constant. 

Yet another objective of the invention is to 
permit the sensor to be settled accurately and 
easic^y in its fixing hole even when the cylinder wail 
is very thick and the depth of the hole is much 

75 greater than its diameter. 

In this invention, these effects are achieved by 
fixing a friction-resistant, non-magnetic piece of 
material to the magnetic sensor which projects 
from its detecting surface towards the piston rod, 

20 and by providing a pressure-applying means which 
.enables the non-magnetic material to keep in touch 
with the lateral wall of the moving piston rod. As 
this piece of material fitted to .the sensor is sup- 
ported by the pressure-applying means and slides 

25 on the rod. the sensor is held at a fixed distance 
from the magnetic scale depending on the projec- 
ting dimensions of the non-magnetic material. It is 
thus not necessary to introduce a stepped area in 
order to position the sensor in its fixing hole, and 

30 even if the piston rod is buckled, the non-magnetic 
material continues to keep in touch with the moving 
rod due to the pressure-applying means and there- 
by maintains the distance between the sensor and 
the scale constant 

35 When the friction-resistant, non-magnetic ma- 
terial Is fitted to the magnetic sensor, it can be 
either fitted to the magnetic surface, or formed into 
a tubular shape and fitted over the circuntference 
of the sensor. 

40 If a tubular piece is used, dimensional control 
is still easier if tiie rear edge of the tubular piece is 
brought into contact with a stepped area of large 
diameter formed on the rear end of the sensor. 
If a holder supporting the sensor is an^anged at 

45 the rear of the sensor in the fixing hole, the 
pressure-applying means then acts on the non- 
magnetic material via the holder, thereby permitting 
easy assembly and disassembly of the magnetic 
sensor even when ttie depth of the hole is greater 

50 than its diameter. 

The objectives and advantages of ttie present 
invention will become further apparent from the 
attached drawings and the embodiments described 
below. 
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Brief Description of the Drawings 

Rg. 1 IS a vertical through part of a 

fluid-power cylinder showing one preferable em- 
bodiment of this invention. 

Rg. 2 is a horizontal section through the line 
A-Ain Rg. 1. 

Rg. 3 is a vertical section through part of a 
fluid-power cylinder showing a different structure 
for the non-magnetic material. 

Rg. 4 is a perpendicular section through the 
magnetic sensor, showing another variation for the 
stnjcture of the non-magnetic material. 

Rg. 5 is a vertical section through part of a 
fluid-power cylinder, showing a different embodi- 
ment of this invention. 

Rg. 6 is a horizontal section through part of 
a fluid-power cylinder, wherein a vertical section 
has been tal<en on a perpendicular line through Rg. 
5. 

Rg. 7 is a vertical section through part of a 
fluid-power cylinder showing yet another embodi- 
ment of this invention. 

Rg. 8 is a vertical section tiirough part of a 
fluid-power cylinder, showing location of the fixing 
hole. 



Detailed Description of tiie Prefenred Embodiments 

In Rgs. 1 and 8. a magnetic sensor 4 is sup- 
ported in sensor fixing hole 3 of cylinder 2 facing 
the magnetic scale formed on tiie lateral face of 
piston rod 1. Sensor fixing hole 3 is a throughhole 
of unique diameter formed in cylinder wail by 
means of drill cutting. 

In order to maintain ttie specified distance be- 
tween the magnetic detection surface 5 of the 
leading edge of sensor 4 and piston rod 1, a 
tubular piece 6 is inserted free to slide in fixing 
hole 3 such that it fits over the circumference of 
sensor 4. Piece 6 is constructed of a friction- 
resistant non-magnetic material such as Teflon or 
brass, and its leading edge slides on piston rod 1. 

Anottier part 7 of different and larger diameter 
is formed on the rear edge of sensor 4. The rear 
edge of tubular piece 6 is brought into contact witii 
this part 7, and its lengtti is such tiiat its leading 
edge projects towards piston rod 1 by a specified 
distance from magnetic detection surface 5. When 
tiie leading edge of piece 6 is sliding on piston rod 
1, therefore, tiie distance between magnetic detec- 
tion surface 5 and the magnetic scale on piston rod 
1 is maintained constant. 

A tubular holder 8 is anranged at the rear of 
magnetic sensor 4. Holder 8 fits inside fixing hole 3 
such that it is free to slide on its inner surface, and 
its leading edge is fixed by pressing over tiie 



circumference of tiie rear edge of tubular piece 6 
so as to cover the o^^urface of part 7 of sensor 

In addition, as shown in Rg. 2, a pin 10 is 
5 inserted from the outer surface of holder 8 into a 
vertical groove 9 in part 7, tiiereby preventing ttie 
rotation of sensor 4 with respect to holder 8. 

The upper edge of holder 8 projects toward tiie 
outer surface of cylinder 2, with a stepped area 1 1 
10 of larger diameter than hole 3 on tiie projecting 
edge. This stepped area 1 1 prevents holder 8 from 
falling tiirough the hole 3 togettier witii sensor 4 
and piece 6 when cylinder 2 is disassembled. 
A cover 12 is fixed to the outer surface of 
75 cylinder 2 such that it encloses tiie upper edge of 
holder 8. 

A spring 13 is inserted between holder 8 and 
cover 12 as a pressure-applying means which al- 
lows piece 8 to keep in touch witii piston rod 1. By 
20 means of the recoil force of tfiis spring, holder 8 
presses piece 8 towards piston rod 1 via magnetic 
sensor 4. 

Even if piston rod 1 should become buckled, 
therefore, tiie leading edge of piece 6 always 

25 keeps in touch with tiie rod 1, and the distance 
between magnetic detection surface 5 and tiie 
magnetic scale is maintained constant. 

By making pin 14 which projects to tiie upper 
edge coincide with hole 15 in cover 12. holder 8 

30 restricts rotation. When sensor 4 is assembled, it is 
fixed to holder 8 and inserted in fixing hole 3, tiie 
sensor being set accurately in tiie connect orienta- 
tion by tills pin 14 and by said pin 10 which is 
located between sensor 4 and holder 8. 

35 Furtiier. by fixing sensor 4 to tiie leading edge 
of holder 8, it can be settied easily and accurately 
in the specified position in fixing hole 3 even when 
the hole is deep and of small diameter. 

Although tiie above are prefenred embodiments 

40 of the invention, ttiey are not exhaustive, and var- 
ious otiier design modifications are possible within 
the scope of tiie claims. 

For example in order to maintain a constant 
distance between tiie surface 5 and piston rod 1, 

45 instead of tiie tubular piece 6, a cap 16 of friction- 
resistant, non-magnetic material can be fitted to tiie 
leading edge of sensor 4 as shown in Rg. 3, or a 
plate 17 of similar material can be bonded to tiie 
detection surface 5 of sensor 4 as shown in Rg. 4. 

50 Alternatively when the lateral wall of cylinder 2 
is ttiin or tiie sensor hole 3 is shallow, instead of 
using holder 8, a ring of elastic material 18 can be 
inserted between sensor 4 and cover 12 to keep 
tiie leading edge of piece 8 in touch witii tiie 

55 circumference of piston rod 1, as shown in Rg. 5 
and Rg. 6. In tills case, tiie leading edge of piece 6 
Is shaped to tiie circumference of piston rod 1 as 
shown in Rg. 6, and piece 6 is bonded to sensor 4 
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so as to position both and prevent rotation. 

Further Instead of insedi^a stepped area in 



with the part 7 of different oHmeter in sensor 4 as 
shown in Rg. 7, part 7 being made to slide in fixing s 
hole 3. In this way, the invention can be embodied 
in a simplified form. 



1. A stroke sensor for a fluid-power cylinder 
consisting of a magnetic scale on the lateral sur- 
face of a piston rod and a magnetic sensor sup- 
ported in a hole formed in the cylinder wail facing is 
this scale, wherein a friction-resistant, non-mag- 
netic piece of material attached to the sensor pro- 
jects from its detection surface towards the side of 

the piston rod. and a pressure-applying means 
supports this non-magnetic material such that it 20 
keeps in touch with the lateral surface of the piston 
rod. 

2. A stroke sensor for a fluid-power cylinder as 
in Claim 1 wherein said friction-resistant, non-mag- 
netic material is fitted to the magnetic detection 25 
surface. 

3. A stroke sensor for a fluid-power cylinder as 
in Claim 1 wherein said friction-resistant, non-mag- 
netic material is a tubular piece fitted to the cir- 
cumference of the magnetic sensor. 30 

4. A stroke sensor for a fluid-power cylinder as 
in Claim 3' wherein tiie rear edge of tiie tubular 
piece is brought into contact with a stepped area of 
large diameter formed on tine rear end of tiie sen- 
sor. 35 

5. A stroke sensor for a fluid-power cylinder as 
in any one of Claims 2-4 wherein a holder is 
anranged behind tiie sensor and a pressure-apply- 
ing means supports the piece of non-magnetic 
material via the holder. 40 



piece 6, its upper edge cai 




frought into contact 



Claims 



TO 



45 



50 



55 



4 



BEST AVAILABLE COPY 



Neu elngereicht / Nevl, 
Nouveireraenl cl6pos6 I 



o 




F/G. 2 



10 




-654 



FIG. 3 



@ 




BEST AVAILABLE COPY 



Neu eingereicht / NlWy fHed 
Nouvellement d§pos6 



FIG. 5 



Id 7 12 




FIG. 7 



3 7 18 12 




BEST AVAILABLE COPY 



Neu eingereicht / Nsii^iled 
Nouvellement d6.oos4 




BEST AVAILABLE COPY 



